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GOLD EXTRACTION PROCESS INCLUDING BIOFLOTATION 

The invention relates to a process for extracting gold from mineral suspension, 
in particular, from the tails containing the finely-dispersed gold, and can be used at 
the gold-extracting plants. 

Different processes of enrichment of gold-containing ore are known to be used 
for extracting gold therefrom with the concentrate of the increased gold content being 
produced thereby. Flotation is known to be one of the widely used processes of 
gold-containing ore enrichment. Processing of the flotation concentrate in order to 
recover gold therefrom is simpler and cheaper than the similar treatment of total ore 
stock. Sometimes the flotation enrichment does not allow to extract all gold contained 
in concentrate. Nevertheless, even in this case the flotation is advisable, because this 
process permits to transform into the concentrate the most persistent part of gold 
which is not usually extracted by the conventional techniques of gravitation 
enrichment, cyanidation and amalgamation. 

Schemes and conditions of the flotation enrichment process depend on ore 
quality and are known to be of a wide variety. There are, however, the general 
features specific for all schemes of gold-containing ore flotation. So, the processing 
of almost all kinds of ore involves the stage flotation (most frequently, it is a 
two-stage process). 

Various flotoreagents or flotation reagents, in particular, collectors, foaming 
agents, foam stabilizers, etc. are usually used in the process of flotation. 
Sulphide-hydril reagents, namely, butyl-, amilethyl-xantogenates are used as 
collectors. Xantogenates are usually selectively adsorbed, that is, they are fixed upon 
the most active areas of gold surface with hydrophobization of gold surface being 
provided, and the flotation process being improved thereby. Soya oil is usually used 
as a foaming agent. A little of fatty-acid reagent, such as sodium oleate is added to 
stabilize the foam. Suppression of empty rock is achieved by means of liquid glass, 
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carboxymethylcellulose and other reagents. 

Such reagents as cyanides, sodium sulphide.aJkali. blue vitriol, sodium sulphate are 
are often present in the flotation pulp. To greater or lesser extent these reagents supress the 
gold flotation process. The strongest supressor is sodium sulphide. The floatibility of gold is 
also decreased with the increase in pH value of the suspension. The floatability of free gold 
in acid medium is lower than in the neutral one, that results from the decrease of xantogenase 
adsorption upon the gold surface and from the reduction in pH value of the solution. The 
flotation of gold and gold-containing sulphides is actually performed at pH between 7.5 to 3.5 
with soda being used as pH value regulator. 

Upon completion of the flotation process the flotation tails still contain geld, mainly 
the finely-disperse one, which is further extracted by cyanidation technique (L.V. Chuguyev. 
Metallurgy of noble metals. Moscow, " Metallurgy". 1987, p. 269-270) 

So, as follows from the above . the use of stage flotation for extracting gold from 
gold-containing ore to be present in the form of mineral suspension makes possible to recover 
gold from the most persistent ores, which is not achieved by other known techniques of ore 
enrichment. 

The flotation tails, however, still contain a considerable amount of gold, basically the 
finely-disperse one. Further extraction of gold from the flotation tails is performed by the 
cyanidation technique which is environmentally harmful. 

The problem of the invention is to develop a process for extracting gold from the 
mineral suspension, wherein reagents, techniques and parameters of performing thereof enable 
to provide the conditions under which the maximum extraction of gold from the flotation tails 
is being achieved, and the environment is not harmfully affected. 

The problem is solved by that in the known process for extracting gold from mineral 
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suspension consisting in chat at least one stage of flotation is performed using the known 
flotoreagents, according to the invention after at least one stage of flotation the biomass of 
microorganism culture in an amount between 10.0 to 30.0 grams per ton is introduced into 
the flotation tails, and the agitation is performed over a period between 6.0 to 10.0 minutes 
after which the biomass of microorganism culture in an amount between 10.0 to 30.0 grams 
per ton is further added to the mixture of the flotation tails and microorganism culture, and 
the flotation of said mixture is performed over a period between 12.0 to 15.0 minutes. 

Said process allows to increase the extraction of finely -disperse gold to be present in 
the flotation tails with the environmentally harmful reagents being not involved in the 
process. This effect is achieved because in the process of agitation of a mixture of flotation 
tails and microorganism culture under said parameters there are created the most favorable 
conditions for the interaction between the microorganism culture and the surface of ore 
panicles containing the finely-disperse gold with the bioaggregates of a size between 0. 060 
to 0.070 mm being produced thereby. This provides the improved extraction of gold as we!! 
as of other noble metals, such as silver from the flotation tails in the process of further 
flotation thereof. 

It is advisable that the electric Held of intensity 0.5-2.0 V/cm be produced 0.5 - 1.0 
minute prior to the completion of agitation, and the process of agitation be performed under 
effect of this electric field. 

Under the effect of electric field to be applied prior to the completion of agitation of 
the flotation tails and microorganism culture the process of interaction of microorganism 
culture and gold particles is intensified due to the effect of polarization. 

It is recommended that after the flotation of a mixture of the flotation tails and 
microorganism culture during between 2.0 to 3.0 minutes the electric field of intensity 
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between 1.5 to 2.5 V/cm be produced, and the flotation be performed under the effect of the 
electric field over a period between 1.0 to 1.5 minutes with further flotation being 
carried without the action of said electric field. 

Said modification of the process provides the preservation of the produced bioaggregates 
at the moment of dispersing action of the floating mashine impeller. 

It is the most rational that 0.5 - 1.0 minute prior to the completion of agitation the 
electric field of the intensity between 0.5 to 2.0 V/cm be produced, and the process of 
agitation be performed under the effect of electric field, and after the flotation of a mixture 
of the flotation tails and microorganism culture during between 2.0 to 3.0 minutes the electric 
field of intensity between 1.5 to 2.5 V/cm be induced, and the flotation of said mixture be 
carried out over a period between 1.0 to 1.5 minutes under the effect of electric field, then 
the electric field be switched off, and the flotation be continued without the action of said 
electric field. 

Said modification of the process provides the most favorable conditions for producing 
bioaggregates in the process of agitation and for performing the flotation of said 
bioaggregates. 

It is preferable that the Bacillus cereus B - 5039 be used as a microrganism culture. 

Said microorganism culture is characterized by the highest degree of selectivity towards 
the gold, which increases the number of produced bioaggregates resulting in the growth of 
gold extraction rate. 

The process for extracting gold from mineral suspension according to the invention is 
practised as below described. 

Ore gravitation tails used as a starting raw material and containing 4.6 grams per ton 

of gold and 9.0 grams per ton of silver were utilized lor performing the process. The 
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gravitation tails were disintegrated on the conventional grinding machine with 
60% of ore being of a particle size 0.074 mm. The mineral suspension was 
further prepared by mixing the disintegrated ore and water at a ratio of solid 
phase to the liquid one being 1:5. Said mineral suspension was subjected to the 
flotation on the conventional floating machine of the lab or large-scale type. 
The volume of the lab floating machine chamber was 1.5 litre. The flotation 
process, hereafter referred to as a basic flotation, was performed in the presence 
of the commercially applied flotoreagents such as butyl potassium xantogenate 
used in an amount 60.0 grams per ton and pine oil in an amount 80.0 grams per 
ton. The flotation was performed during 20.0 minutes. The tails of basic 
flotation representing the mineral suspension were supplied from the flotation 
chamber to the intermediate vessel of a volume between 2.0 to 3.0 litres which 
is provided with an agitation device and the electrodes to be connected to the 
direct power supply source. The biomass of microorganism culture in an 
amount between 10.0 to 30.0 grams per ton was introduced into this vessel, and 
the agitation of a mixture of the basic flotation tails and microorganism culture 
was performed during a period between 6.0 to 10.0 minutes. 

As a microorganism culture there could be used any microorganism 
culture capable of coagulating gold, e.g. the green algae of Chlorella kind. The 
most rational is to use the microorganism culture of Bacillus cereus kind, strain 
5039, deposited in the All-Union Collection of Industrial Microorganisms of 
VNIT Genetics Institute on 24 October, 1989 under Deposit No. B5039. 

The culture-morphological and physico-biochemical features of the 
Bacillus cereus VKPM 5039 strain are as below described. 

The bacteria are bacillus-like of a cell length between 3.0 to 5.0mm and 
of a cell width between 1.0 to 1.2 mm. They are gram-positive, produce the 
ellipse-like spores and are of central location. On the meat-peptone agar 
they form a solid film, and produce little turbidity and deposit. When 
being grown upon the meat-peptone broth the bacteria do not produce 
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hydrogen sulphide, indol and ammonia. Hydrolize starch, do not hydrolize kasein, urea and 
thyrazine. Do noc produce acids from rnannite, sorbitol, xylose, arabinose. An acid is formed 
from glucose and sacharose. Produce catalaze. The Foges-Proskauer reaction is positive. 
Reduce nitrates into nitrites, do not form a gas from glucose. The bacteria do not grow in 
the presence of 7.0% NaCL 

The optimal temperature of cultivation is 30 °C. the 
maximum one reaches 40.0°C. The minimum temperature is 
10.0°C. 

Said microorganism strain was separated from the shelves of the Far East. It is 
characterized by the increased capacity to gold coagulation. Said microorganism culture is 
cultivated on the meat-peptone broth (1:3) or in 3-5% solution of the hydralizate of 
carbohydrate-oxidating yeast prepared on oil paraphines at a temperature between 30.0 : to 
32. (TC and pH between 6.3 to 6.7. 

The agitation of the flotation tails and microorganism culcure was performed over a 
period between 6.0 to 10.0 minutes in the presence of sodium hexametaphosphace which is 
also introduced into said vessel. 0.5 - 1.0 minute prior to the completion of agitation the 
power supply source could be connected to the electrodes, and the agitation of said mixture 
be performed under effect of the electric field of the intensity beiwesn 0.5 to 2.0 Won. 
The mixture of the flotation tails and biomass of microorganism culture was further supplied 
to the floating mashine with its chamber being provided with the electrodes connected to the 
direct power supply source. The biomass of microorganism culture in an amount between 
10.0 to 30.0 grams per ton as well as such riotoreagems as huchyl potassium xantogenate in 
an amount between 40.0 to 60.0 grams per ton and pine oil in an amount between 40. 0 to 
45.0 grams per ton were introduced into the chamber of said floating mashine. The flotation 
process which is further referred to as a bioflotation process was performed over a period 
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between 12.0 to 15.0 minutes. 2.0 - 3.0 minutes after starting the bioflotacion process the 
direct power supply source may be switched on, and bioflotation be carried out during 
between 1.0 to L5 minute under the effect of electric field of intensity between 1.5 to 2.5 
V/cm. 

Following this procedure the power supply source was disconnected, and the 
bioflotation was further performed without the electric field being applied. 

Upon completion of bioflotation the concentrates of the basic flotation and 
bioflotation processes as well as the bioflotation tails were dried. 

The yield, the gold and silver content in said concentrates and flotation tails were 
determined. 

Here it is presented the laboratory embodiment of performing the process according 
to the invention. 

It is, however, obvious that said technology may be realized under large scale 
conditions using the widely applied floating mashines. 

The examples of practising the invention are presented below. 
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Example 1 

Process for extracting gold from mineral suspension according to the invention was 
practised as below described. 

Pre-desintegrated tails of gravitation ore enrichment in an amount 250.0 grams 
were used to perform the process. 60% of mineral particles were of a size 0.074 mm. The 
mineral suspension was prepared with the ratio of solid particles to liquid being 1:5. 

The basic flotation was performed in the impeller-type floating mashine of a 
chamber volume 1.5 litre. The flotation was performed over a period of 20 minutes in the 
presence of buthyl potassium xantogenate in an amount 60.0 grams per ton, and of pine 
oil in an amount 80.0 grams per ton. 

From the floating mashine the mineral suspension was further supplied to an 
intermediate agitation vessel of a volume 2.0 litres provided with the electrodes connected to 
direct power supply source and designed for inducing an electric field. The biomass of 
microorganism culture Bacillus cereus VKPM5039 in an amount 25 grams per ton and 
sodium hexametaphosphate in an amount 40 grams per ton were introduced into this vessel, 
and the mixture of mineral suspension and microorganism culture was subjected to agitation 
over a period of 6.0 minutes. 0.75 minutes prior to the completion of agitation the direct 
power supply source was switched on. the electric field of intensity 0.5 V/cm was produced 
in said vessel, and the agitation of said mixture was performed under the effect of electric 
field. 

Upon completion of agitation the mixture of mineral suspension and microorganism 
culture was supplied to the floating mashine provided with electrodes connected to the direct 
power supply source. 15.0 grams per ton of said microorganism culture, 45 grams per ton 
of buthyl potassium xantogenate and 45.0 grams per ton of pine oil were additionally 
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introduced into the floating mashine, and bioflotation was performed during 2.0 minutes. 

The direct power supply source was then switched on, the electric field of intensity 2.5 
V/cm was produced in the floating mashine cell, and bioflotation was performed under the 
effect of electric field during 1.5 minutes. The power supply source was then switched off, 
and bioflotation was further performed without the action of electric field. The total duration 
of bioflotation process constituted 14.0 minutes. 

Having completed the flotation, the concentrates of basic flotation and bioflotation 
processes as well as the flotation tails were dried, the yield, the gold and silver content were 
determined therein. 

The obtained results are summarized in Table 1 . 



/ 
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Example 2 

Process for extracting gold from mineral suspension according to the invention was 
realized as hereafter described. 

The tails of gravitation ore enrichment in an amount 250.0 grams were used for 
performing the process. The preliminary operations were carried out as in example 1. The 
basic flotation was performed as described in example 1 . After the basic flotation the mineral 
suspension was supplied from the floating mashine cell to the intermediate vessel similar to 
that described in example 1 , whereinto the biomass of microorganism culture Bacillus cereus 
VKPM 5039 in an amount 10.0 g/t and 40.0 g/t of sodium hexametaphosphate were 
introduced, and the agitation of the obtained mixture was performed during 6.0 minutes. 0.5 
minutes prior to completion of agitation the electric Held of intensity 0.5 V/cm was produced 
in said agitation vessel, and agitation was performed under the effect of the electric field. 
Upon completion of agitation said mixture was supplied to the floating mashine similar to that 
described in example 1 to realize the bioflotation process. 20.0 g/t of biomass of said 
microorganism culture, 45.0 g/t of buthyl potassium xantogenate, 45.0 g/t of pine oil were 
additionally introduced into the floating mashine cell, and biof lotation was 
performed during 2.0 minutes. The electric field of intensity 2.0 V/cm was then induced in 
the bioflotation cell and bioflotation was carried out over a period of 1.0 minute under the 
effect of electric field. 

Total duration of bioflotation process was 12.0 minutes. 

The yield, the gold and silver content were determined in the concentrates of basic 
flotation and bioflotation processes as well as in the bioflotation tails. 
The results are given in Table 1 . 
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Example 3 

Process for extracting gold from mineral suspension according to the invention was 
realized as hereafter described. 

The tails of gravitation ore enrichment in an amount 250.0 grams were used for 
performing the process. The preliminary operations were carried out as in example I. The 
basic flotation was performed as described in example 1 . After the basic flotation the mineral 
suspension was supplied from the floating mashine cell to the intermediate vessel similar to 
that described in example 1 , whereinto the biomass of microorganism culture Bacillus cereus 
VKPM 5039 in an amount 10.0 g/t and 40.0 g/t of sodium hexametaphosphate were 
introduced, and the agitation of the obtained mixture was performed during 6.0 minutes. 1.0 
minute prior to completion of agitation the electric field of intensity 2.0 V/cm was produced 
in said agitation vessel, and agitation was performed under the effect of electric field. 
Upon completion of agitation said mixture was supplied to the floating mashine similar to that 
described in example 1 to realize the bioflotation process. 30.0 g/t of biomass of said 
microorganism culture, 4u.O g/t of buthyl potassium xpruogenate, 40.0 g/t of pine oil were 
additionally introduced into the floating mashine cell, and biof lotation was 
performed during 2.0 minutes. The electric Field of intensity 2.5 V/cm was then induced in 
the bioflotation cell and bioflotation was carried out over a period of 1.5 minute under the 
effect of electric field. 

Total duration of bioflotation process was 12.0 minutes. 

The yield, the gold and silver content were determined in the concentrates of basic 
flotation and bioflotation processes as well as in the bioflotation tails. 
The results are given in Table 1. 
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Example 4 

Process for extracting gold from mineral suspension according to the invention was 

realized as hereafter described. 

The tails of gravitation ore enrichment in an amount 250.0 grams were used for 
performing the process. The preliminary operations were carried out as in example 1. The 
basic flotation was performed as described in example 1 . After the basic flotation the mineral 
suspension was supplied from the floating mashine cell to the intermediate vessel similar to 
that described in example 1, whereinto the biomass of microorganism culture Bacillus cereus 
VKPM 5039 in an amount 10.0 g/t and 40.0 g/t of sodium hexametaphosphate were 
introduced, and the agitation of the obtained mixture was performed during 10.0 minutes. 0.5 
minute prior to completion of agitation the electric field of intensity 2.0 V/cm was produced 
in said agitation vessel, and agitation was performed under the effect of electric field. 
Upon completion of agitation said mixture was supplied to the floating mashine similar to that 
described in example 1 to realize the bioflotation process. 30.0 g/t of biomass of said 
microorganism culture, 60.0 g/t of buthyl potassium xantcgenatt. 40.0 g/t of pine oil were 
additionally introduced into the floating mashine cell, and biol lotation was 
performed during 2.0 minutes. The electric field of intensity 1.5 V/cm was then induced in 
the bioflotation cell and bioflotation was carried out over a period of 1.0 minute under the 
effect of electric field. 

Total duration of bioflotation process was 12.0 minutes. 

The yield, the gold and silver content were determined in the concentrates of basic 
flotation and bioflotation processes as well as in the bioflotation tails. 
The results are given in Table i . 
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Example 5 

Process for extracting gold from mineral suspension according to the invention was 
realized as hereafter described. 

The tails of gravitation ore enrichment in an amount 250.0 grams were used for 
performing the process. The preliminary operations were carried out as in example 1. The 
basic flotation was performed as described in example 1. After the basic flotation the mineral 
suspension was supplied from the floating mashine cell to the intermediate vessel similar to 
that described in example 1 , whereinto the biomass of microorganism culture Bacillus cereus 
VKPM 5039 in an amount 15.0 g/t and 40.0 g/t of sodium hexametaphosphate were 
introduced, and the agitation of the obtained mixture was performed during 6.0 minutes. 0.5 
minute prior to completion of agitation the electric field of intensity 1.5 V/cm was produced 
in said agitation vessel, and agitation was performed under the effect of electric field. 
Upon completion of agitation said mixture was supplied to the floating mashine similar to that 
described in example 1 to realize the bioflotation process. 20.0 g/t of biomass of said 
microorganism culture, 50.0 g/t of buthyl potassium xantogenate, 40.0 g/t of pine oil were 
additionally introduced into the floating mashine cell, and bioflotation was 
performed during 2.0 minutes. The electric field of intensity 1.5 V/cm was then induced in 
the bioflotation cell and bioflotation was carried out over a period of 1 .0 minute under the 
effect of electric field. 

Total duration of bioflotation process was 15.0 minutes. 

The yield, the gold and silver content were determined in the concentrates of basic 
flotation and bioflotation processes as well as in the bioflotation tails. 
The results are given in Table 1. 
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Example 6 

Process for extracting gold from mineral suspension according to the invention was 
realized as hereafter described. 

The tails of gravitation ore enrichment in an amount 250.0 grams were used for 
performing the process. The preliminary operations were carried out as in example 1. The 
basic flotation was performed as described in example 1. After the basic flotation the mineral 
suspension was supplied from the floating mashine cell to the intermediate vessel similar to 
that described in example 1 , whereinto the biomass of microorganism culture Bacillus cereus 
VKPM 5039 in an amount 30.0 g/t and 40.0 g/t of sodium hexametaphosphate were 
introduced, and the agitation of the obtained mixture was performed during 6.0 minutes. 0.5 
minute prior to completion of agitation the electric field of intensity 0.5 V/cm was produced 
in said agitation vessel, and agitation was performed under the effect of electric field. 
Upon completion of agitation said mixture was supplied to the floating mashine similar to that 
described in example 1 to realize the bioflotaticn process. 30.0 g/t of biomass of said 
microorganism culture, 60.0 g/t of buthyi potassium xantogenate, 40.0 g/t of pine oil were 
additionally introduced into the floating mashine cell, and biorlotation was 
performed during 3.0 minutes. The electric Held of intensity 2.5 V/cm was then induced in 
the bioflotation cell and bioflotation was carried out over a period of 1.5 minute under the 
effect of electric field. 

Total duration of bioflotation process was 13.0 minutes. 

The yield, the gold and silver content were determined in the concentrates of basic 
flotation and bioflotation processes as well as in the bioflotation tails. 
The results are given in Table 1. 
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Example 7 

Process for extracting gold from mineral suspension according to the invention was 
realized as hereafter described. 

The tails of gravitation ore enrichment in an amount 250.0 grams were used for 
performing the process. The preliminary operations were carried out as in example 1. The 
basic flotation was performed as described in example I. After the basic flotation the mineral 
suspension was supplied from the floating mashine cell to the intermediate vessel similar to 
that described in example 1 , whereinto the biomass of microorganism culture Bacillus cereus 
VKPM 5039 in an amount 10.0 g/t and 40.0 g/t of sodium hexametaphosphate were 
introduced, and the agitation of the obtained mixture was performed during 6.0 minutes. 0.5 
minute prior to completion of agitation the electric field of intensity 0.5 V/cm was produced 
in said agitation vessel, and agitation was performed under the effect of electric field. 
Upon completion of agitation said mixture was supplied to the floating mashine similar to that 
described in example 1 to realize the bioflotation process. 25.0 g/t of biomass of said 
microorganism culture, 45.0 g/t of biuhyl potassium xantogenate arid 45.0 g/t of pine oil were 
additionally introduced into the floating mashine cell, and biofiotation was 
performed during 2.0 minutes. The electric field of intensity 2.5 V/cm was then induced in 
the bioflotation cell and bioflotation was carried out over a period of 1.5 minuie under the 
effect of electric field. 

Total duration of bioflotation process was 14.0 minutes. 

The yield, the gold and silver content were determined in the concentrates of basic 
flotation and bioflotation processes as well as in the bioflotation tails. 
The results are given in Table 1. 
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Example 8 

i 

Process for extracting gold from mineral suspension according to the invention was 
realized as hereafter described. 

The tails of gravitation ore enrichment in an amount 250.0 grams were used for 
performing the process. The preliminary operations were carried out as in example 1. The 
basic flotation was performed as described in example 1 . After the basic notation the mineral 
suspension was supplied from the floating mashine cell to the intermediate vessel similar to 
that described in example 1, whereinto the biomass of microalga culture Chlorella Vulgaris 
Larg 3. in an amount 30.0 g/t and 40.0 g/t of sodium hexametaphosphate were 
introduced, and the agitation of the obtained mixture was performed during 6.0 minutes. 0.75 
minute prior to completion of agitation the electric field of intensity 0.5 V/cm was produced 
in said agitation vessel, and agitation was performed under the effect of electric field. 
Upon completion of agitation said mixture was supplied to the floating mashine similar to that 
described in example 1 to realize the bioflotation process. 10.0 g/t of biomass of said 
microalga culture, 50.0 g/t of buthyl potassium xantogenate and 45.0 g/t of pine oil were 
additionally introduced into the floating mashine cell, and bioflotation was 
performed during 2.0 minutes. The electric field of intensity 2.0 V/cm was then induced in 
the bioflotation cell and bioflotation was carried out over a period of 1.0 minute under the 
effect of electric field. 

Total duration of bioflotation process was 12.0 minutes. 

The yield, the gold and silver content were determined in the concentrates of basic 
flotation and bioflotation processes as well as in the bioflotation tails. 
The results are given in Table 1 . 
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Example 9 

Process for extracting gold from mineral suspension according to the invention was 
realized as hereafter described. 

The tails of gravitation ore enrichment in an amount 250.0 grams were used for 
performing the process. The preliminary operations were carried out as in example 1. The 
basic flotation was performed as described in example 1 . After the basic flotation the mineral 
suspension was supplied from the floating mashine cell to the intermediate vessel similar to 
that described in example 1, whereinto the biornass of microorganism culture Bacillus cereus 
VKPM 5039 in an amount 25.0 g/t and 40.0 g/t of sodium hexametaphosphate were 
introduced, and the agitation of the obtained mixture was performed during 6.0 minutes. 
Upon completion of agitation said mixture was supplied to the floating mashine similar to that 
described in example 1 to realize the bioflotation process. 20.0 g/t of biornass of said 
microorganism culture, 40.0 g/t of buthyl potassium xantogenate and 40.0 g/t of pine oil were 
additionally introduced into the floating mashine cell, and bioflotation was 
performed during 2.0 minutes.The electric field of intensity 1.5.0 V/cm was then induced in 
the bioflotation cell and bioflotation was carried out over a period of 1.0 minute under the 
effect of electric field. 

Total duration of bioflotation process was 12.0 minutes. 

The yield, the gold and silver content were determined in the concentrates of basic 
flotation and bioflotation processes as well as in the bioflotation tails. 
The results are given in Table 1. 
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Example 10 

Process for extracting gold from mineral suspension according to the invention was 
realized as hereafter described. 

The tails of gravitation ore enrichment in an amount 250.0 grams were used for 
performing the process. The preliminary operations were carried out as in example 1. The 
basic flotation was performed as described in example 1 . After the basic flotation the mineral 
suspension was supplied from the floating mashine cell to the intermediate vessel similar to 
that described in example 1 , whereinto the biomass of microorganism culture Bacillus cereus 
VKPM 5039 in an amount 20.0 g/t and 40.0 g/t of sodium hexametaphosphate were 
introduced, and the agitation of the obtained mixture was performed during 6.0 minutes. 0.5 
minutes prior to completion of agitation the electric field of intensity 1 .5 V/cm was produced 
in said agitation chamber, and the agitation was carried out under the effect of electric field. 
Upon completion of agitation said mixture was supplied to the floating mashine similar to that 
described in example 1 to realize the bioflotation process. 20.0 g/t of biomass of said 
microorganism culture, 40.0 g/t of buthyl potassium xantogenate and 40.0 g/t of pine oil were 
additionally introduced into the floating mashine cell, and bioflotation was 
performed during 12.0 minutes. 

The yield, the gold and silver content were determined in the concentrates of basic 
flotation and bioflotation processes as well as in the bioflotation tails. 
The results are given in Table 1 . 
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Example 11 

Process for extracting gold from mineral suspension according to the invention was 
practised as below described. 

The tails of gravitation ore enrichment in an amount 250.0 grams were used to perform 
the process. 

The preliminary operations were performed as described in example 1. 
The basic flotation was carried out as in example L 

After the basic flotation the mineral suspension was further supplied from the 
floating machine chamber to the intermediate vessel similar to that of example 1, whereinto 
the biomass of microorganism culture Bacillus cereus vkpm 5039 in an amount 25.0 grams 
per ton and sodium hexametaphosphate in an amount 40.0 grams per ton were introduced, 
and the obtained mixture was subjected to agitation over a period of 6.0 minutes. After the 
completion of agitation the above mixture was supplied into the floating mashine as described 
in example 1. 

20 grams per ton of the biomass of said microorganism culture, 40.0 grams per ton of 
buthyl potassium xantogenate and 40.0 grams per ton of pine oil were additionally introduced 
into the flotation chamber , and the bioflotation was performed during a period 12.0 minutes. 

The yield, the gold and silver content were determined in the concentrates of basic 
flotation and bioflotation processes as well as in the bioflotation tails. 

The obtained results are summarized in Table 1. 
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Example 12 (comparative) 

Process for extracting gold from mineral suspension according to the invention was 
realized as hereafter described. 

The tails of gravitation ore enrichment in an amount 250.0 grams were used for 
performing the process. The preliminary operations were carried out as in example 1. The 
basic flotation was performed as described in example 1. After the basic flotation the mineral 
suspension was supplied from the floating mashine cell to the intermediate vessel similar to 
that described in example 1 , whereinto the biomass of microorganism culture Bacillus cereus 
VKPM 5039 in an amount 5.0 g/t and 40.0 g/t of sodium hexametaphosphate were 
introduced, and the agitation of the obtained mixture was performed during 6.5 minutes.0,25 
minute prior to completion of agitation the electric field of intensity 1 .5 V/cm was produced 
in said agitation chamber, and the agitation was carried out under the effect of electric field. 
Upon completion of agitation said mixture was supplied to the floating mashine similar to that 
described in example 1 to realize the bioflotation process. 5.0 g/t of biomass of said 
microorganism culture, 30.0 g/t of buthyl potassium xantogenate and 25.0 g/t of pine oil were 
additionally introduced into the floating mashine cell, and bioflotation was 
performed during 2.0 minutes. 

The electric field of intensity 0.5 V/cm was then produced and the bioflotation process 
was performed during 1.5 minutes under the effect of electric field. 
Total duration of bioflotation was 15 minutes. 

The yield, the gold and silver content were determined in the concentrates of basic 
flotation and bioflotation processes as well as in the bioflotation tails. 
The results are given in Table 1 . 
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Example 13 (comparative) 

Process for extracting gold from mineral suspension according to the invention was 
realized as hereafter described. 

The tails of gravitation ore enrichment in an amount 250.0 grams were used for 
performing the process. The preliminary operations were carried out as in example 1. The 
basic flotation was performed as described in example 1. After the basic flotation the mineral 
suspension was supplied from the floating mashine cell to the intermediate vessel similar to 
that described in example 1 , whereinto the biomass of microorganism culture Bacillus ccreus 
VKPM 5 ^39 in an amount 20.0 g/t and 40.0 g/t of sodium hexametaphosphate were 
introduced, and the agitation of the obtained mixture was performed during 7.0 minutes. 2.0 
minute prior to completion of agitation the electric field of intensity 3.5 V/cm was produced 
in said agitation chamber, and the agitation was carried out under the effect of electric field. 
Upon completion of agitation said mixture was supplied to the Heating mashine similar to thai 
described in example 1 to realize the bioflotation process. 10. 0 g/t of biomass of said 
microorganism culture, 30.0 g/t of buthyl potassium xaniogenate and 80. 0 g/t of pine oi; were 
additionally introduced into the floating mashine cell, ana biofloiaticn w*s 
performed during 2.0 minutes. 

The electric field of intensity 3.0 V/cm was then produced and the bioflotation process 
was performed during 1.6 minute (100 sec.) under the effect of electric field. 

Total duration of bioflotation was 15 minutes. 

The yield, the gold and silver content were determined in the concentrates of basic 
flotation and bioflotation processes as well as in the bioflotation tails. 
The results are given in Table 1. 
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Example 14 (comparative) 

Process for extracting gold from mineral suspension according to the invention was 
realized as hereafter described. 

The tails of gravitation ore enrichment in an amount 250.0 grams were used for 
performing the process. The preliminary operations were carried out as in example 1. The 
basic flotation was performed as described in example 1 . After the basic flotation the mineral 
suspension was supplied from the floating mashine cell to the intermediate vessel similar to 
that described in example 1, whereinto the biomass of microorganism culture Bacillus cereus 
vkpm 5039 in an amount 25.0 g/t and 40.0 g/t of sodium hexametaphosphate were 
introduced, and the agitation of the obtained mixture was performed during 6.0 minutes. 1 .5 
minute prior to completion of agitation the electric field of intensity 2.0 V/cm was produced 
in said agitation chamber, and the agitation was carried out under the effect of electric field. 
Upon complecion of agitation said mixture was supplied to the floating mashine similar to that 
described in example 1 to realize the bicflctation process. 15.0 g/t of biomass of said 
microorganism culture, 80.0 g/l of buthyl potassium xantogenate and 80.0 g/t of pine oil were 
additionally introduced into the floating mashine cell, aud biofiota'ion was 
performed during 2.0 minutes. 

The electric field of intensity 2.0 V/cm was then produced and the bioflotation process 
was performed during 3.0 minutes under the effect ot electric field. 
Total duration of bioflotation was 14 minutes. 

The yield, the gold and silver content were determined in the concentrates of basic 
notation and bioflotation processes as well as in the bioflotation tails. 
The results are given in Table 1. 
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Example 15 (comparative) 

Process for extracting gold from mineral suspension according to the invention was 
realized as hereafter described. 

The tails of gravitation ore enrichment in an amount 250.0 grams were used for 
performing the process. The preliminary operations were carried out as in example 1. The 
basic flotation was performed as described in example 1 . After the basic flotation the mineral 
suspension was supplied from the floating mashine cell to the intermediate vessel similar to 
that described in example 1, whereinto 40.0 g/t of sodium hexametaphosphate was 
introduced, and the agitation of the obtained mixture was performed during 6.0 minutes. 0.5 
minute prior to completion of agitation the electric field of intensity 2.0 V/cm was produced 
in said agitation chamber, and the agitation was carried out under the effect of electric field. 
Upon completion of agitation said mixture was supplied to the floating mashine similar to that 
described in example 1 to realize the bioflotation process. 40.0 g/t of buthyl potassium 
xantogenate and 40.0 g/t of pine oi! were additionally introduced into the floating mashine 
cell, and flotation was performed during 2.0 minutes. 

The electric field of intensity 1.5 V/cm was then produced intheflotation cell, and the 
flotation process was performed during 1.0 minute under the effect of electric field. 

Total duration of flotation was 12.0 minutes. 

The yield, the gold and silver content were determined in the concentrates of basic 
flotation and bioflotation processes as well as in the bioflotation tails. 
The results are given in Table 1 . 
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Table 1 


Examples 


Yield, % 


Content, g/ton 


Extraction, % 







Au 


Ag 


Au 


Ag 


According to the 

invent inn 

ill V HllWll 

1 

Concentrate of 
basic flotation 
Concentrate of 
bio flotation 












4.3 
3.6 


41.6 
21.9 


64.1 
26.9 


62.1 

31.8 
93.9 


63.1 
32.4 


Tails 

Initial raw 
material 


92.1 
100.0 


0.21 
4.6 


2.85 
9.0 


6.1 
100.0 


4.5 
100.0 


2 

Concentrate of 
basic flotation 
once nir aic 01 
bioflotation 


4.9 
8.3 


36.2 
18.4 


54.7 
32.1 


54.8 

36.0 
90.8 


60.8 
31.4 


Tails 

Initial raw 
material 


86.8 
100.0 


0.31 
4.6 


3.12 
9.0 


9.2 
100.0 


7.8 
100.0 


3 

Concentrate of 
basic flotation 


5.6 


30.4 


44.1 


52.7 


60.3 


Concentrate of 
bioflotation 

Tails 

Initial raw 
material 


9.1 

85.3 

100.0 


21.9 
0.37 
4.6 


40.5 

4.6 

9.0 


33.6 
96 3 
13.7 

100.0 


27.1 
87.4 
100.0 


4 

Concentrate of 
basic flotation 
Concentrate of 
bioflotation 


4.3 
3.7 


60.1 
20.4 


70.0 
21.6 


63.7 

31.8 
95.5 


59.7 
35.1 


Tails 


92.0 


0.19 


2.1 


14.5 


5.2 
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Initial raw 
material 



5 

Concentrate of 
basic flotation 
Concentrate of 
bioflotation 



Tails 

Initial raw 
material 

6 

Concentrate of 
basic flotation 
Concentrate of 
bioflotation 



Tails 

Initial raw 
material 

7 

Concentrate of 
basic flotation 
Concentrate of 
bioflotation 



Tails 

Initial raw 
material 

8 

Concentrate of 
basic flotation 
Cncentrate of 
bioflotation 

Tails 

Initial raw 
material 



- 25 



100.0 



4.6 



9.0 



100.0 



100.0 



5.2 
6.4 

88.4 
100.0 



57.3 
18.4 

0.31 
4.6 



65.8 
27.4 

3.09 
9.0 



67.3 

21.1 
88.4 

11.6 

100.0 



60.7 
21.9 

17.4 
100.0 



4.1 
6.1 

89.8 
100.0 



63.4 
23.4 

0.23 
4.6 



60.7 
24.8 

3.43 
9.0 



68.4 
24.4 



92.8 

7.2 

100.0 



50.9 
20.5 

20.6 
100.0 



5.0 
2.0 

92.5 
100.0 



59.4 
81.5 

0.51 
4.6 



73.94 
50.6 

2.54 
9.0 



56.3 
29.6 



85.9 
14.1 
100.0 



49.7 
26.9 

23.9 
100.0 



5.0 
2.1 

92.3 
100.0 



59.1 
42.8 

0.61 
4.6 



63.4 
28.3 

2.96 
9.0 



61.3 
12.1 



73.4 
26.6 
100.0 



53.7 
24.6 

21.7 
100.0 
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9 

Concentrate of 

basic flotation 4.5 31.7 61.3 61.4 71.3 

Concentrate of 

bioflotation 4,4 46.8 67.4 22.1 10.4 

83.5 

Tails 90.1 0.41 3.7 16.5 18.3 

Initial raw 

material 100.0 4.6 9.0 100.0 100.0 

10 

Concentrate of 

basic flotation 5.6 66.7 98.4 54.7 50.9 

Concentrate of 

bioflotation 1.8 89.3 63.5 21.1 23.9 

82.4 

Tails 92.6 0.31 4.2 17.6 25.2 

Initial raw 

material 100.0 4,6 9.0 100.0 100.0 

11 

Concentrate of 

basic flotation 5.5 49.4 71.3 51.4 57,3 

Concentrate of 

bioflotation 2.0 27.3 31.4 21.4 31.4 

72.8 

Tails 92.5 0.62 3.£ 18.2 11.3 

Initial raw 

material 100.0 4.6 9.0 1C0.0 100.0 



Comparative examples 
12 

Concentrate of 

basic flotation 6.2 34.0 62.0 45.8 42.7 

Concentrate of 

bioflotation 7.1 11.2 27.2 18.2 22.6 

64.0 

Tails 84.3 2.16 3.40 36.5 31.8 

Initial raw 

material 100.0 4.6 9.0 100.0 100.0 
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13 

Concentrate of 

basic flotation 8.2 23.7 50.0 42.2 45.6 
Concentrate of 

bioflotation 7.5 11.2 27.2 18.2 22.6 

604 

Tails 84.3 2.6 3.40 39.6 31.8 
Initial raw 

material 100.0 4.6 9.0 100.0 100.0 
14 

Concentrate of 

basic flotation 5.2 64.6 98.4 54.7 50.9 
Concentrate of 

bioflotation 2.2 53.6 81.3 19.8 23.6 

74.5 

Tails 92.6 9.46 4.2 25.5 26.5 
Initial raw 

material 100.0 4.6 9.0 100.0 100.0 
15 

Concentrate of 

basic flotation 6.1 31.2 64.1 41.4 43.4 
Concentrate of 

bioflotation (2nd stage) 7.3 6.4 26.9 10.2 21.8 

51.6 

Tails 86.6 1.57 3.62 48.4 34.8 
Initial raw 

material 100.0 4.6 9.0 100.0 100.0 



As it is seen from the data of Table 1 , the process for extracting gold from mineral 
suspension according to the invention allows to efficiently recover gold from the mineral 
suspension with the remaining gold in the bioflotation tails constituting between 0. 19 to 0.61 
grams per ton. Silver is also effectively extracted along with gold, and its residue in the 
bioflotation tails amounts to between 2.1 to 4.6 grams per ton (example 1 through 11) 

At the same time, the implementation of the process under operation conditions beyond 
the claimed limits results in the reduction of the process efficiency. Thus, the increase in the 

amount of biomass to be introduced into the mineral suspension to the level lower to the 
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claimed limits causes the increase in the quantity of the remaining gold and silver in 
the bioflotation tails (example 12). 

Similar effect is also produced by the increase beyond the claimed limits of 
the value of the intensity of electric field and of the extension of a period of its action 
upon the mineral suspension including the microorganism culture (example 13). 

The rate of gold and silver extraction from the mineral suspension is 
negatively affected by the increase beyond the claimed limits of a period of action 
of the electric field upon the mixture of mineral suspension and microorganism 
culture in the process of agitation, even if the intensity of electric field is within the 
claimed limits (example 14) 

High amount of gold and silver remains in the flotation tails in case when the 
agitation process as well as two-stage flotation is performed without the biomass of 
microorganism culture being added thereto (example 15). 

The process of the invention for extracting gold from a mineral suspension 
may be used in the mining industry at plants for extracting gold present in the ore in 
a finely dispersed state. 

It is quite obvious, that hereabove are given only some examples of practising 
the invention, and the other variants of realization of the invention may be possible 
within the limits to be defined by the claims. 
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CLAIMS: 

1 . A process for extracting gold from a mineral suspension consisting in that 
at least one stage of flotation is performed using a flotation reagent, 
characterized in that after at least one stage of flotation a biomass of 
microorganism culture in an amount between 10.0 to 30.0 grains per ton is 
introduced into the flotation tails, and agitation is carried out for a period 
between 6.0 to 10.0 minutes, following which a biomass of microorganism 
culture in an amount between 10.0 to 30.0 grams per ton is additionally 
introduced into the mixture of the flotation tails and microorganism culture, and 
the flotation of said mixture is performed for 12.0 to 15.0 minutes. 

2. The process for extracting gold from a mineral suspension according to claim 
1, characterized in that 0.5 to 1.0 minutes prior to the completion of agitation 
an electric field of intensity between 0.5 to 2.0 V/cm is created, and the 
agitation is performed under the effect of the electric field. 

3. The process for extracting gold from a mineral suspension according to claim 
1, characterized , in that after the flotation of a mixture of the flotation tails and 
microorganism culture for between 2.0 to 3.0 minutes, an electric field of 
intensity between 1.5 to 2.5 V/cm is created, and the flotation of said mixture 
is carried out under the action of the electric field for a period between 1.0 to 
1.5 minutes; the electric field is then switched off, and the flotation proceeds 
without the effect of the electric field. 

4. The process for extracting gold from a mineral suspension according to claim 

1, characterized in that 0.5 to 1.0 minutes prior to the completion of agitation, 

an electric field of intensity between 0.5 to 2.0 V/cm is produced, and the 

agitation is performed under the action of the electric field; after the flotation 

of a mixture of the flotation tails and microorganism culture for between 2.0 
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to 3.0 minutes an electric field of intensity between 1.5 to 2.5 is created, and 
the flotation of said mixture is carried out for a period between 1.0 to 1.5 
minutes under the effect of the electric field, after which the electric field is 
switched off, and the flotation proceeds without the action of the electric field. 

5. The process for extracting gold from a mineral suspension according to claim 
1, characterized in that the Bacillus cereus B - 5039 is used as a 
microorganism culture. 

6. A process according to claim 1 substantially as herein described with 
reference to any one of the illustrative Examples. 
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